Quantitative analysis of DNA hybridization in a flowthrough microarray for molecular testing.
Quantitative information about the nucleic acids hybridization reaction on microarrays is fundamental to designing optimized assays for molecular diagnostics. This study presents the kinetic, equilibrium, and thermodynamic analyses of DNA hybridization in a microarray system designed for fast molecular testing of pathogenic bacteria. Our microarray setup uses a porous, nylon membrane for probe immobilization and flowthrough incubation. The Langmuir model was used to determine the reaction rate constants of hybridization with antisense targets specific to Staphylococcus epidermidis and Staphylococcus aureus strains. The kinetic analysis revealed a sequence-dependent reaction rate, with association rate constants on the order of approximately 10(5)M(-1)s(-1) and dissociation rate constants of approximately 10(-4)s(-1). We found that by increasing the probe surface density from 10(11) to 10(12) molecules/cm(2), the hybridization rate and efficiency are suppressed while the melting temperature of the DNA duplex increases. The maximum fraction of hybridized capture probes at equilibrium did not exceed 50% for hybridization with antisense sequences and was below 6% for hybridization with long targets obtained from PCR. The van't Hoff analysis of the temperature denaturation data showed that the DNA hybridization in our porous, flowthrough microarray is thermodynamically less favorable than the hybridization of the same sequences in solution.